The MT system described in this paper combines hand-built analysis and generation components with automatically learned example-based transfer patterns. Up to now, the transfer component used a traditional bilingual dictionary to seed the transfer pattern learning process and to provide fallback translations at runtime. This paper describes an improvement to the system by which the bilingual dictionary used for these purposes is instead learned automatically from aligned bilingual corpora, making the system's transfer knowledge entirely derivable from corpora. We show that this system with a fully automated transfer process performs better than the system with a hand-crafted bilingual dictionary. More importantly, this has enabled us to create in less than one day a new language pair, French-Spanish, which, for a technical domain, surpasses the quality bar of the commercial system chosen for comparison.
Introduction
The phrase "MT in a day" is strongly associated with research in statistical MT. In this paper we demonstrate that "MT in a day" is possible with a non-statistical MT system provided that the transfer component is learned from aligned bilingual corpora (bi-texts), and does not rely on any large hand-crafted bilingual resource. We propose instead to use a bilingual dictionary learned only from the same bi-texts. Section 4.2 describes the creation of the new language pair, French-Spanish, and gives evaluation results. Section 4.1 examines the impact of the learned dictionary on our existing French-English system.
Previous work
Commercial systems and other large-scale systems have traditionally relied heavily on the knowledge encoded in their bilingual dictionaries. Gerber & Yang (1997) clearly state that Systran's translation capabilities are dependent on "large, carefully encoded, highquality dictionaries". With the advent of bitexts, efforts to derive bilingual lexicons have led to substantial research (Melamed 1996 , Moore 2001 for discussion), including resources for semi-automatic creation of bilingual lexica such as SABLE (Melamed 1997) , used for instance in Palmer et al. (1998) . Statistical MT systems have relied on bi-texts to automatically create word-alignments; in many statistical MT systems however, the authors state that use of a conventional bilingual dictionary enhances the performance of the system (Al-Onaizan et al. 1999 , Koehn & Knight 2001 . We find then, that in spite of the movement to create bilingual dictionaries automatically, there is still a heavy reliance on hand-crafted and hand-edited resources. We found no full-scale MT system that relied only on learned bilingual dictionaries and certainly none that was found better in performance for doing so.
Rapid deployment of a new language pair has been one of the strong features of statistical MT systems. For example, "MT in a day" was a stated goal of the workshop on statistical MT (Al-Onaizan et al. 1999) . The system deployed was of low quality, in part because of the small size of the corpus used, and the difficulty of the language pair chosen (Chinese to English). We have chosen French-Spanish, because we are constrained by the availability of welldeveloped analysis and generation components in our experiment. Those, needless to say, were not created in one day, nor were the large size monolingual dictionaries that they rely on. But given the assumption that these modules are available and of good quality, we demonstrate that training the transfer dictionary 1 and example base on bi-texts is sufficient to create a new language pair which is of comparable quality to others based on the same source language. This, to our knowledge, has not been done before in the context of a large hybrid MT system
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System overview
The MT system discussed here uses a source language broad coverage analyzer, a large multipurpose source language dictionary, an application-independent natural language generation component which can access a full monolingual dictionary for the target language, and a transfer component. The transfer component, described in detail in , consists of high-quality transfer patterns automatically acquired from sentence-aligned bilingual corpora.
The innovation of this work is the use of an unedited, automatically created dictionary which contains translation pairs and parts of speech, without any use of a broad domain, general purpose hand-crafted dictionary resource. The architecture of the MT system as described elsewhere ) used both a traditional bilingual dictionary and an automatically derived word-association file at training time, but it used only the traditional bilingual dictionary at runtime. We refer to this below as the HanC system, because it uses a Hand-crafted Dictionary 2 . We changed this so that a learned dictionary consisting of wordassociations (Moore 2001 ) with parts of speech and a function word only bilingual dictionary (prepositions, conjunctions and pronouns) replaces the previous combination both at training and at runtime 3 . We refer to this as the LeaD system (Learned Dictionary). We demonstrate that this change improves sentences that differ between both systems, and show that we can now adapt quickly to new language pairs with excellent results.
Analysis of the consequences of removing the standard hand-crafted bilingual dictionary from the system (and having no dictionary as a fallback at all) are provided in Pinkham & Smets (2002) . It proved important to have a dictionary containing parts of speech to use as a fallback, motivating the work described here.
Experiments
We conducted two experiments. In the first one, we compared the performance of the HanC (Hand-Crafted dictionary) MT system to the performance of our LeaD (Learned Dictionary) system. The French-English system is trained on 200,000 sentences in the computer domain, and tested on unseen sentences from the same domain.
In the second experiment, we created a new language pair, French-Spanish, in less than 8 hours. The French-Spanish system was trained on 220,000 sentences from the same computer domain, and also tested on unseen computer domain data.
French-English translation
with a learned bilingual dictionary
Comparing HanC to LeaD
In this first experiment, we compare the performance of the HanC system and the LeaD system for French-English versus the same competitor.
Translations produced by the two versions of our system differ in 30% of the cases. Out of the 2000 sentences in our test set, only 595 were translated differently. In about half of these cases, there was an overt difference in the word chosen as a fallback translation at runtime. In the other half, the translation example-base patterns were different.
We evaluated 400 of the 595 "diff" sentences mentioned. A complete description of the evaluation method is given in , and repeated in Appendix A. Evaluation for each version of the system was conducted against the competitor system, which we use as a benchmark of quality. Our current benchmark for French-English is Systran 4 , which uses relevant dictionaries available but has not been otherwise customized to the domain in any way. We also evaluated a set of 400 sentences taken randomly from the 2000 test sentence set. They were translated with both the HanC system and the LeaD system, and evaluated against the same competitor, Systran.
Results
The random test has a score representative of the quality of the system (December 2001 system), and is significantly better than the competitor given the score of +0.2804 (0 means the systems are the same, -1 the competitor is better, 1 the competitor is worse). See Table 1 .
Sentences whose translations differ between the HanC and LeaD versions of our system are less well translated overall. Through examination of the data, we have found that reliance on the fallback translation at runtime tends to indicate a failure to learn or apply transfer patterns from the example-base, both of which are often due to faulty analysis of the source sentence. There are also cases where translations are not learned because of sparse data, but these tend to be rare in our technical corpus.
More importantly, we see that the LeaD version of the system has a significantly higher score than the HanC version (p=0.002 in a onetailed t-test).
Replacing the conventional bilingual dictionary with the learned bilingual dictionary combined with the small function word dictionary has led to significant improvement in quality when measured on "diff" sentences, i.e. cases where all the sentences are different. However, when we take 400 random sentences, the difference between the two versions only affects 30% of the sentences (133 or thereabouts) and therefore does not result in a significant difference (p=0.13 in a one tailed t-test).
Translation examples
In this section, we give examples of translation with both versions of our system, and compared to Systran. The LeaD version of our system uses the correct translation of "casiers", in this specific context, while both our HanC version of the system and Systran use terms inappropriate for this domain. By using a learned dictionary, the LeaD system is better suited to the domain.
Source
Le finisseur est traité comme trois casiers individuels, Reference The Finisher is addressed as three individual bins LeaD
The finisher is processed like three individual bins.
HanC
The finisher is processed like three individual pigeonholes.
Systran
The finisher is treated like three individual racks,
Creation of the learned bilingual dictionary
The learned dictionary with parts of speech was created by the same method (Moore, 2001) as the previously used word-association file, with the exception that parts of speech were appended to lemmas in the first step of the process. We are easily able to modify the input this way, because we use the output of the analysis of the training data to create the file that is the input to the word alignment process. Appending the part of speech disambiguates homographs such as "use", causing them to be treated as separate entities in the wordassociation process: use^^Verb use^^Noun The word-association process assigns scores to each pair of words. We have established a threshold below which the pairs are discarded. Here are the top word pairs in the learned dictionary for this domain: utiliser^^Verb use^^Verb fichier^^Noun file^^Noun serveur^^Noun server^^Noun Because the input to the learning process is derived from Logical Forms (the output of our analysis systems), and because this format no longer includes lemmas for function words, there are no function words in the learned dictionaries. This is the primary reason why we complemented the learned dictionary with a function word dictionary. See the future work section for ideas on learning the function words as well.
Both the French-English and the FrenchSpanish were arbitrarily cut off at the same threshold, and were not edited in any way, resulting in a file with 24,000 translation pairs for French-English and 28,000 translation pairs for French-Spanish. The dictionary for function words contains about 500 word pairs. The traditional French-English dictionary had approximately 40,000 entries.
French-Spanish
Creating French-Spanish
Our group currently has both a French-English system and an English-Spanish system. In choosing the new language pair to develop, we were constrained by the availability of good quality analysis and generation systems. This is a limiting factor, but will become less so once we have more generation modules available for use 5 , as we currently have seven fully developed analysis modules. We were fortunate to have 220,000 aligned sentences for French-Spanish from the technical domain (manuals, help files), which enabled the construction of the learned bilingual dictionaries, and the automatic creation of the transfer pattern example base.
For reasons explained above, our first learned dictionary made no attempt to learn function word translations.
We needed, therefore, to complement the learned FrenchSpanish dictionary with a French-Spanish function word bilingual dictionary, which was bootstrapped from our French-English and English-Spanish bilingual dictionaries. All the translations for prepositions, conjunctions and pronouns were created using both of these, and hand-edited by a lexicographer bilingual in French and Spanish.
The creation process, including the handediting work, took less than 8 hours.
Results
The test was conducted on 250 test sentences from the same technical domain as the training corpus, using the methodology described in Appendix A. All test data is distinct from training data and unseen by developers. The Sail Labs French-Spanish system is the benchmark used as comparison. The technical domain dictionary on the website was applied to the Sail Labs translation, but it was not otherwise customized to the domain.
The Sail Labs translation included brackets around unfound words, which were thought to interfere with the raters' ability to compare the sentences; the brackets were removed for the evaluation. As seen in Table 2 , where the FrenchSpanish system is ranked at +0.228, it is significantly better than the Sail Labs FrenchSpanish system in this technical domain. The score is very similar to the French-English score as measured against Systran (+.2804). Since these are being compared against different competitors, we also wanted to measure their absolute quality. On a scale of 1 to 4, where 4 is the best, we found that both Systran and Sail Labs were comparable in quality, and that our system scored slightly higher in both cases, but not significantly so, if one considers the confidence measures (Table 3 ). The details of the scoring for absolute evaluations are given in Appendix B. As a brief illustration, the LeaD French-English translation in 4.1.3 has a score of 3, while the LeaD French-Spanish translation in 4.2.3 received a score of 2.5. 
Future Work
We are planning to experiment with lowering the threshold for the cutoff of information in the learned bilingual dictionary, in an attempt to include more word pairs (some words remain untranslated).
To further validate the Learned Dictionary approach, we are experimenting with other domains. One might assume, for instance, that as the domain becomes broader, learned dictionaries would be less effective due to sparse data. We have preliminary experiments on Hansard French-English data which indicate that this is not the case.
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Conclusion
We have demonstrated that we can replace the traditional bilingual dictionary with a combination of a small bilingual function word dictionary and a bilingual dictionary learned from bi-texts. This removes the reliance on acquired or hand-built bilingual dictionaries, which can be expensive and time-consuming to create. One can estimate that for any new domain application, this could save as much as 1-2 person years of customization. This also removes a major obstacle to quick deployment of a new language pair.
We believe that high-quality linguistic analysis is a necessary ingredient for successful MT. In our system, it has enabled automation of the transfer component, both in the learning of the bilingual dictionary and in the creation of example-based patterns.
